This study examined the cladoceran assemblages in three oxbow lakes of the Taquari River floodplain, near the transition between the plateau and the plain. We sought to answer the following questions: does the Taquari River function as a geographical barrier or dispersal corridor for Cladocera? Can different degrees of connection induce different structures in the assemblages in each lake? Cladocerans and limnological variables were sampled every other month for one year. Forty-one species were recorded, four of which were common to all the lakes. Our results indicated that the different degrees of connection between the river and the oxbow lakes favoured environmental heterogeneity and diversification in the cladoceran assemblages. The greatest dissimilarity between the two lakes connected with the river indicates that in this case the river functions better as a barrier than a dispersal corridor.
Introduction
River flood pulses are known to drive ecological processes in the adjacent floodplain, providing conditions for the establishment of complex environmental heterogeneity. In South America, several investigators have examined this theme, among them Junk (1980) and Neiff (1997) . In the last 40 years, with the creation of the Ramsar Convention on Wetlands, the importance of these systems for aquatic biodiversity conservation has been extensively discussed.
In view of the importance of floodplains for the maintenance of biodiversity, and the considerable importance of microcrustaceans at the base of aquatic trophic relationships, it is surprising that so little is known about this group in one of the largest floodplain systems of the world, the Pantanal. A review by Hollwedel et al. (2003) listed 14 articles with records of microcrustacean species and emphasised the lack of information for this region. After this, few studies have contributed to the records of cladoceran species in the Pantanal, among them, only Guntzel et al. (2010) has registered cladocerans in the Taquari River floodplain, in the same lakes dealt with in this study, but they only analysed the local diversity for each one of the lakes. Studies focusing the patches dynamics for cladocerans, such as the studies conducted by Cottenie and De Meester (2003) , and Declerck et al. (2011) , are rare in Brazilian landscapes, but they are necessary to understand the diversity of cladocerans in systems of the Pantanal.
In this study, the Cladocera species was surveyed in three oxbow lakes and in the Taquari River, attempting to understand the river influence on the dispersal and composition of cladoceran assemblages. A small extension of floodplain was studied; however, it constitutes a hetero-geneous system of patches (three lakes) connected by the river (dispersal corridor), so we analysed the local (alpha diversity) regional diversity (beta diversity) for this research. We also attempted to determine if the river functions as a corridor or as a barrier for dispersal of cladocerans, and how the limnological conditions influenced by the river pulse may promote differentiation upon the structure of the local cladoceran assemblages. Thus, both the dispersal and niche characteristics were considered.
Study Site
Sampling was carried out in three oxbow lakes (L1, L2 and L3) and three sites in the Taquari River (R1, R2 and R3), adjacent to each lake. This region is located in the Paraguay River watershed near the eastern boundary of the Pantanal plain, where the river begins the formation of a large alluvial fan. At this location, the Taquari River flow is between 1.11 and 1.39 m s -1 (Jongman, 2005) .
The region has a semi-humid tropical climate, the local flood pattern is unimodal (Hamilton, 1998) . A better characterisation of the watershed can be found in Galdino et al. (2005) and the geomorphological characteristics were described by Ab'Saber (2006) and Mercante et al. (2011) .
The oxbow lakes studied are close to each other (see Figure 1 and Geographical coordinates as shown in Table 1 ), L1 is the smallest in both depth and surface area, without a river connection during this study, colonized by several groups of macrophytes; the riparian vegetation is well preserved. L2 is intermediate in size, with inflow from the Taquari River normally only from December to March; most of its surface is covered by Eichhornia azurea. This lake receives crystalline water from a stream, exported it to Taquari River during the dry months. L3 is the deepest and largest in area, with a permanent river connection, degraded riparian vegetation, and human influence on the macrophyte beds.
Methodology
Sampling was conducted in the limnetic zone of the lakes and in the river channel near each lake, bimonthly over one year, August 2005 through July 2006. Cladocerans were collected by vertical hauls with plankton net (50 mm mesh). In the river, a bucket was used to collect the surface water. The organisms were fixed with 4% formaldehyde. The abundance of Cladocera was quantified; Shannon-Wiener diversity a (H') and evenness (H'/max H') were estimated according to Krebs (1999) and beta diversity, Whittaker's measure, according to Magurran (2003) and Wilson and Shmida, (1984) . The limnological variables (see Table 2 ) were used to characterise the environmental conditions of the lakes and to evaluate the influence of the river on each lake. Six cases 
Results

Limnological parameters
Wide amplitude of dissolved oxygen and temperature with low dissolved-oxygen concentrations are limnological characteristics that make these lacustrine systems similar to each other compared to the lotic system. Nevertheless, the existence of different degrees of connection between the river and the lakes promoted heterogeneous pattern among the lentic systems (see Table 3 ).
L 1 and L 2 were more similar to each other than to L3. During the study period, L1 had no connectivity and the lowest dissolved-oxygen concentration and suspended matter, with a high organic-matter content.
In L2, river input occurred on 33% of the days analysed when the river at the city of Coxim was above 3.66 m ( . In other months, the transparency was total and the conductivity ranged from 5.04 to 8.34 mS cm -2 . L3 remained connected during the entire studied period. In this lake, the lowest water transparency and the highest electrical conductivity and pH was observed, due to the greater influence of the river (Figure 3 ). L 2 waters were exported to the river during most of the year, thus R 2 was most similar to the lakes. This site showed lower values of temperature, dissolved oxygen, 00-16.20) electrical conductivity, pH and suspended matter, the opposite of what was found in R1 and R3 (as shown in Table 3).
Cladoceran assemblages
The species composition in each environment studied is listed in Table 4 . In all, 41 species were recorded: 7 only in L1, 9 only in L2, and 8 in L3 (Figure 4) . In L2, where 22 species were recorded, 19 were species of the family Chydoridae; species of Macrothricidae and Ilyocryptidae were also registered. In L1, 21 species were found, and in L3 17 species, in 6 and 7 families: Chydoridae, Sididae, Daphniidae, Bosminidae, Ilyocriptidae, Macrothicidae and Moinidae. This last family was restricted to L3 (see Table 4 ).
Only 4 species were common to the three lakes: Ilyocryptus spinifer, Macrothrix squamosa, Alonella dadayi and Chydorus pubescens; 8 species were common to L1 and L2; 3 species were common to L1 and L3; and only 2 species were found in both L2 and L3 (Figure 4) . The list of species includes 4 new records for the region. The record of Bosminopsis brandorffi, based on a small number of individuals, should be more thoroughly examined, since this species is considered endemic to the Amazon watershed.
Differences in cladoceran densities were also observed among lakes: higher mean densities were observed in L3 (36,988 ind. ).
Cladoceran density was low in the river (see Figure 5), where Macrothricidae was the most abundant family (mean 25 ind.m -3 ). Richness was also low; only 13 of the total of 41 species were recorded in the river, and, in addition, the species found in the river were also recorded in the nearest lake (as shown in Table 4 ). Only Leydigia striata was recorded exclusively in the river. ). Wider variations of species were observed in the other lakes, with limnetic species rarely present in L1 and totally absent in L2. Alpha diversity was highest in L2 not only because of higher richness, but mainly because of elevated evenness values. The widest variation of richness and evenness were observed in L1, thus causing a greater variation in diversity during the year. Beta diversity indicated more similar assemblages between L1 and L2, and greater dissimilarity between L2 and L3 (see Table 5 ). Nevertheless, during river input in L2, higher richness values were found in L2 and L3, while the lowest value occurred in L1. Greater dissimilarity between L2 and L3 was also confirmed by the ordination analysis (NMDS), which separated L3 from the other lakes, mainly L2, based on densities of cladocerans and correlations to the limnological variables (as shown in Figure 6 ). Electrical conductivity (r = 0.59; p = 0.013) and water transparency (r = 0.361; p = 0.100) were the variables that best explained the distribution of cladocerans in the lakes.
Discussion
In the local of this investigation, the flow of the Taquari River slows, with a resulting increase in sedimentation, producing oxbow lakes, swamps and other types of wetland subsystems that produce a "macrosystem". These subsystems are subject to floods (pota-mophase) or remain isolated in the dry season (limnophase), according to Neiff (1997) .
Ranging from 4 metres in years with little rain, to 6 metres when precipitation is high (Jongman, 2005) , the Taquari River can flood the lateral systems to different degrees in different years: some remain connected, others receive river input in annual flooding, and others only in extreme flooding. Habitat heterogeneity, as much in the temporal as in the spatial dimension, is the key to maintenance of high biological diversity in the floodplain.
In the limnophase, the limnological features in oxbow lakes are influenced predominantly by the internal dynamics of changes between the sediment and the water column, and the functioning of the local community. Each system then becomes differentiated during the dry season. In the flood period, similarity among the systems increases and the limnological conditions and aquatic communities become more homogeneous, as discussed by Thomaz et al. (2007) .
The greater dissimilarity of L3 from the other lakes was associated with higher electrical conductivity and low water transparency, as a result of the natural dynamics of the Taquari River, highest cladoceran abundance also was registered in this lake. This influence was strongly enhanced by the ranching and farming activities in the watershed, added to the influence of partial macrophyte removal and the use of the land along the banks, with the riparian vegetation degraded, such characteristics also were observed by Guntzel et al. (2010) . The removal of the vegetation from the channel connecting the river to the lake reduced the filtration effect of the plants and increased the lotic influence on the lake. L1 remained in limnophase during the entire study and had the lowest mean dissolved-oxygen concentration and suspended matter, with higher organic-matter content, indicating the possibility of higher decomposition rates of organic matter derived from the riparian zone or dead macrophytes. The decomposition probably increased the oxygen consumption mainly in the rainy season, with input of organic matter and without renewal from the river water. In these conditions, cladoceran richness decreased, increasing again in the dry season, with higher transparency and water oxygenation, when both planktonic and phytophilous species were present. However, dissolved oxygen was not a variable evidenced by statistical analyses used in this study, but Guntzel et al. (2010) noted positive correlation between richness and dissolved oxygen concentration in L1.
An intermediate situation was observed in L2; when the lake was not connected to the river, transparency reached the bottom and electrical conductivity was lower; the lake became more similar to L3 during the period of Taquari River input. However, when the entire period was considered, L2 and L3 showed greater dissimilarity between the cladoceran assemblages: L3 was How does the river influence the cladoceran assemblage Beta diversity: L1 and L2 = 0.524 L2 and L3 = 0.684 L1 and L3 = 0.632. colonised predominantly by limnetic cladocerans due to both the larger surface area and depth, and L2 was colonised almost exclusively by phytophiles. The extensive macrophyte development and constant washout from the river waters probably prevented the establishment of limnetic species; on the other hand, several species of Chydoridae coexisted in this environment. The heterogeneity of limnological characteristics is a result of the length and frequency of connection, morphometic features, the influence of the local watershed, or the conditions of riparian vegetation and macrophyte stands. These factors provide distinct opportunities for colonisation of cladocerans in each lake. Apparently, the mere existence of a river connection does not guarantee similarity among different assemblages, considering that greater dissimilarity was observed between the two lakes connected with the Taquari River. Neiff et al. (2001) considered the river as an important species-dispersal corridor. Thus the assemblages of several oxbow lakes in groups can be understood as a metacommunity. found that both local environmental conditions and zooplankton dispersal between habitats were important to structure the communities of 34 lakes permanently connected by overflows and rivulets in a nature reserve in Belgium. In this case, there was low limitation to dispersal between the lakes. Considering the metacommunity vision, studies about the organism dispersal in distinct patches in the landscape must be done for better understanding of the patterns of cladoceran diversity and abundance, as synthesised by Chase (2005) . Declerck et al. (2011) , in 59 Andean shallow lakes, concluded that environmental conditions appeared to be the main factor structuring the community. Similarly, Cottenie and De Meester (2003) indicated the secondary importance of dispersal to structure cladoceran assemblages, verifying the correlation between the water transparency and species richness; however, they found no correlation between richness and macrophyte cover area.
The relationship of a larger river-lake connection to high cladoceran richness was observed by Panarelli et al. (2010) in lakes adjacent to the Paranapanema River (São Paulo), in contrast to our observations for Taquari oxbow lakes. Nevertheless, these authors observed the highest richness and diversity associated with low organism density and extensive macrophyte colonisation, similar to the situation observed for Taquari oxbow lakes. In both cases, higher richness and diversity can be associated with large macrophyte stands and oligotrophic conditions of the system, independently of the size of the river-lake connection.
In contrast to the view of the river as a dispersal corridor, our results lead us to believe that the Taquari River functions as a geographical barrier between L2 and L3, because although both are close and connected to the river, they had very different assemblages. The river may hinder the dispersal of cladocerans, which have limited swimming ability to overcome the river flow. On the other hand, the cladoceran dispersal can be efficient when resting eggs are formed. The absence of planktonic organisms in L2 may be associated with the washout by the river waters and the predominance of planktonic species in L3 may be associated with the larger limnetic zone of this lake.
Our results indicate that the role of the river as a dispersal corridor or geographical barrier to cladocerans should be better evaluated, considering not only the distance between lakes; special attention must be directed to the velocity of the river flow. Rivers with high velocity of flow can be more efficient as a barrier than as a corridor of dispersal to cladocerans. There is need to consider both the active phase and resting eggs for a more complete study about metacommunity dynamics, due to the possibility of the resting eggs overcoming geographic barriers with the help of dispersal vectors (Panov et al., 2004) .
The question about the role of the river in cladoceran dispersal was not entirely solved in this investigation. However, it has confirmed that river input changes the limnological characteristics differentially in each lake, favouring the niche diversification and organisation of different Cladocera assemblages. The present study confirms that system heterogeneity in the floodplain favors the biodiversity, mainly in systems with lower antropic influence. Our results agree with Frutos et al. (2006) in research done in a wide extension of the Paraguay watershed floodplain. They concluded that the degree of connectivity with the floodplain and local features were the principal factors on organisation of the zooplankton assemblages.
